Introduction

46
Nowadays, there are growing concerns about a variety of environmental issues that accompany OMW and its effective treatment. OMW is a by-product of olive oil production and is characterized , 1996) . Hence, the recovery of the 63 polyphenolic content of OMW not only provides economic benefits but it also makes OMW less 64 toxic and easier to treat, thus promoting the overall sustainability of the OMW management 2.3 Recovery procedure 137 Sample pretreatment was followed by liquid-liquid extraction to efficiently separate the target 138 polyphenols from the OMW. A laboratory-scale pilot unit was setup in order to perform 139 experiments in batch mode operation. The solvent to OMW ratio was always constant at 2:1 v/v 140 (100:50 in mL). Moreover, it is important to note that all runs were carried out at ambient 141 temperature (ca 27C) in order to avoid enzymatic degradation and oxidation of polyphenols.
142
At first, the OMW and the appropriate solvent were loaded in an Erlenmeyer flask with 250 mL 143 headspace, which was then tightly sealed and continuously stirred magnetically for 30 min at 120 144 rpm. During this step, the polyphenolic compounds were extracted from the aqueous phase (i.e.
145
OMW) to the organic liquid phase (i.e. solvent). Afterwards, this OMW-organic solvent mixture 146 was left to settle in a separate funnel for 30 min. After settling, the two liquid phases were separated 147 and the organic phase was recovered. Recovery was followed by evaporation of the organic liquid as results with standard deviation never exceeding 5% for the range of concentrations in question.
High performance liquid chromatography (HPLC)
159 HPLC (Alliance 2690, Waters) was employed to monitor the concentrations of tyrosol, 160 hydroxytyrosol, caffeic acid, gallic acid and oleuropein. Separation was achieved on an ACE C18-R 161 reverse phase column (stainless steel, 250x4.6 mm, id 5 μm), while detection was achieved through 162 a UV-Vis detector set at 280 nm. More details can be found elsewhere (Papaphilippou et al., 2013) .
163
The polyphenolic compounds were tentatively identified matching their elution times from the 164 column to those of standard stock solutions. Calibration curves were also prepared at various 165 concentrations and used for quantitation purposes. 
Total phenols
168
The TPh content was determined colorimetrically at 765 nm on a Shimadzu UV 1240 169 spectrophotometer using the Folin-Ciocalteau reagent according to the procedures described in detail elsewhere (Singleton et al., 1999 Table 3 ). On the other hand, 226 oleuropein, caffeic and gallic acids were also tested but found only in traces in the ethyl acetate 227 extract. Therefore, only the concentrations of tyrosol and hydroxytyrosol were followed for the rest 228 of the experimental work. The results, shown in Table 3 , confirm that ethyl acetate is the most effective solvent in terms of LCA was used to assess the environmental footprint of the antioxidants extraction when three 261 different types of solvents were employed. The LCA study was based on the experimental data that 262 are shown in Table 3 .
263
First of all, the system boundaries were set as follows: the OMW production, its transportation and Moreover the vials (flask, separation funnel) were not considered in the system flow (outside of the 268 system boundaries) since their contribution to the total environmental impact is quite low. as global warming potential in CO 2 equivalents for a timeframe of 100 years for the extraction of 1 299 g of tyrosol, hydroxytyrosol and TPh and they are shown in Table 5 . Like hydroxytyrosol, the most significant environmental damage category for tyrosol extraction is 343 human health (Figure 3b ). Firstly, this is threatened (Figure 3a) takes into account the severity of each impact category to assess the sustainability of the process.
373
Hence, in the case of hydroxytyrosol recovery, the IPCC results declare that diethyl ether solvent 374 system is more environmentally friendly in terms of its GWP. This is consistent with the results
2
shown in Figure 2a , where fossil depletion impact is lower for the diethyl ether system. However,
376
the ReCiPe method indicates in Figure 2 that the impact of human toxicity is the most severe for the 377 overall extraction system and thus its total environmental footprint will be assessed according to 378 this impact category, mostly, where it is clearly shown that ethyl acetate is less toxic to humans than 379 the other solvent systems.
380
Accordingly, taking into account that ethyl acetate exhibits (i) the best efficiency to recover 381 hydroxytyrosol, tyrosol and TPh from OMW (Table 3) , and (ii) a very good environmental footprint 382 during the recovery of the target antioxidant compounds, it is considered as the most viable and 383 sustainable option to recover target polyphenolic compounds from OMW. 
Process modifications and alternative scenarios 388
In order to reduce further the environmental impacts of the use of ethyl acetate, the following 389 diversifications, in terms of its operating parameters, can be applied to the liquid-liquid extraction.
390
The first suggestion is to minimize the partial diffusion of the organic solvent into the aqueous simulating the extraction procedure regarding its total environmental impacts, these were reduced 420 by 6% (scenario 2 in Figure 5 ). Moreover, the GWP decreased by 19% (scenario 2 in Figure 6 ).
421
Finally, the combination of the two aforementioned scenarios was also investigated and the results Furthermore, it is worth noticing that although scenario 1 yields higher GWP than scenario 2, it is a 
Oleuropein, 
